Background: International guidelines recommend patient education as an essential component of optimal asthma management. Since 1990 hospital-based asthma education centres (AECs) have been established in Ontario, Canada. It is unknown whether patient outcomes are related to the level of services provided.
Background
Approximately 1.7 million of the 13 million children and adults in Ontario have been diagnosed with asthma, with the associated economic burden in 2011 estimated to be over $1.8 billion Canadian dollars [1] . Clinical practice guidelines for asthma recommend patient education as essential to optimize associated health outcomes and reduce healthcare costs [2] [3] [4] . To address this need in Ontario, Canada, over 30 hospital-based asthma education centres (AECs) were established between 1990 and 2004, funded through hospital global budgets and/or through industry contributions. AECs were tasked to integrate guideline-based patient education standards and specialized counseling skills into programs for adults, children and caregivers.
The Canadian Network for Respiratory Care originated in 1994 to address the growing need for specialized asthma education skills, knowledge and ability. A national certification program for the Certified Asthma Educator designation was established in 1999 [5] , incorporating standards for guideline-based program content [2] [3] [4] and specialized training for staff. Key elements of asthma education included diagnosis, medications, inhaler devices, prevention of symptoms and attacks, signs of worsening asthma, monitoring asthma control, and need for medical attention [2] . Although clinical trials have shown asthma education to be effective in improving disease control [6] [7] [8] [9] [10] [11] [12] , to our knowledge, there have not been any population-based studies on the effectiveness of multifaceted, hospital-based asthma education programs.
The aims of this study were to (i) describe the attributes of AECs in Ontario including education program and service availability characteristics, and (ii) assess whether patients hospitalized with asthma or having an emergency department (ED) visit for asthma with access to AECs had improved outcomes compared to those without access. We hypothesized that access to AECs with fulltime and extended hours for outpatient care, and asthma education during an admission or ED visit would be associated with reduced readmissions and ED visits.
Methods
We undertook a retrospective population-based cohort study of patients with asthma seen in an acute care hospital or ED in Ontario, Canada between April 1, 2004 and March 31, 2007. Patients were followed for three years (through March 31, 2010 ). An AEC was a centre that provided a hospital-based program of asthma selfmanagement education to children and/or adults with asthma.The research was approved by the research ethics boards at Charles Sturt University, protocol number 2007/103 and Sunnybrook Health Sciences Centre, Project Identification Number 353-2009.
Data sources Survey data
One hundred sixty three acute care hospitals in Ontario were contacted by phone to confirm AEC availability during [2004] [2005] [2006] [2007] . If the site was identified as potentially providing AEC service, an email including the study description, consent form and a link to an electronic survey was forwarded to the appropriate contact person. The survey was designed and beta tested based on a similar survey on diabetes patient education programs [13] . The survey identified onsite (primary) AECs and referral sites associated with the primary AEC, service delivery and guideline-based characteristics of the program.
AEC service characteristics included:
Hours of operation: full-time (≥30 hrs./wk.), part-time (<30hr./wk.), regular (Monday through Friday 8AM to 4PM) or extended (before 8AM, after 4 PM and/or weekends) hours; AEC access at either a primary hospital site or by a pre-arranged referral relationship to a primary site; and Asthma education provided to inpatients and/or ED patients.
Health administrative data
Patient records were linked using unique, anonymized, encoded identifiers across multiple Ontario health administrative databases containing information on all publicly insured, medically necessary hospital and physician services. These included the Discharge Abstract Database for hospital admissions that includes the most responsible diagnosis for length of stay, secondary diagnosis codes, comorbidities present upon admission, and complications occurring during the hospital stay; the National Ambulatory Care Reporting System for ED visits; the Ontario Health Insurance Plan for physician billings that includes diagnosis codes; and the Registered Persons Database for patient demographic information and deaths. Neighborhood income was derived from Statistics Canada census estimates from 2006. Rurality was defined by patient postal code using the Rurality Index for Ontario (RIO) 2008 which accounts for population size and travel time [14] .
Study cohorts
We divided our cohort into those with a first (index) (i) admission to hospital or (ii) high acuity ED visit for asthma between April 1, 2004 and March 31, 2007 . Asthma was determined using the Most Responsible Diagnosis and based on the International Classification of Disease 10 th revision-Canada diagnosis codes of J45 (asthma); or R05 (cough) or R06 (abnormalities of breathing) with a secondary diagnosis of J45. High acuity ED visits were determined using the Canadian Triage Assessment Score (CTAS) levels 1-3 representing resuscitation, emergent, and urgent, respectively. We excluded children under 2 and adults over 55 years of age to reduce the likelihood of other diagnoses that would likely not be cared for in an AEC (bronchiolitis in the young and chronic obstructive pulmonary disease in the elderly), patients transferred from other EDs, and those who did not survive 6 months after the index event.
Outcomes
The primary outcomes were readmission or high acuity ED visit for asthma or death from any cause during the 6 to 36 months after the index event to give patients a 6 month opportunity to access an AEC for follow up care ( Figure 1 ). The primary exposure was access to an onsite or referral hospital-based AEC for outpatient follow up care at the time of the index event, categorized according to AEC service availability, defined as full-time or part-time, and having regular or extended hours of operation. The secondary exposure was asthma education availability to inpatients or ED patients. We could ascertain only whether the AEC service was available at the index hospital but not whether patients actually used the service.
Covariates included patient risk factors associated with asthma outcomes, including age [15] , sex, [16] socioeconomic status [17] , rural residence [18] , history of asthma admissions or ED visits in the previous two years (as a measure of disease severity), and health services use in the two years prior to the index event including any primary care visit (as a proxy for access to primary care) and any specialist visit for asthma. We controlled for a history of asthma based on the Ontario Asthma Surveillance and Information System, a validated registry using administrative data to define incident and prevalent cases of asthma in Ontario [19] . We also controlled for hospital type: teaching, large community or small.
Analysis
We used Poisson regression to analyze the association between AEC access and outcomes, controlling for patient risk and accounting for clustering within the initial hospital using generalized estimating equation models [20, 21] . Patient risk factors included age, sex, asthma prevalence, history of primary care and specialist visits, previous ED visits and hospitalizations for asthma, neighbourhood income quintile, rural residence and hospital type.
Secondary analyses tested the association between availability of inpatient or ED asthma education during the index event and the outcomes. SAS v9.2.1 was used for analyses [22] .
Results

Asthma education centres and survey data Access to asthma education
Of the 163 acute care facilities contacted by phone, 43 hospital corporations were identified as potentially meeting the definition of an AEC. Five were excluded as they did not provide an organized asthma education program and 5 did not provide access to an AEC for greater than one year during the study period. Of the remaining 33, two did not reply.
Completed surveys from the other 31 hospital corporations documented the provision of hospital-based AEC services at 32 primary locations (one hospital site provided part-time primary services at two hospitals' locations). The 32 primary hospital sites received referrals from 17 associated hospitals. The 2 hospital corporations that did not reply had publicly available information on their AEC services for four primary hospital sites. This information included hours of operation, programs for children and adults, and access to inpatient and emergency department asthma education interventions. The public information was confirmed by Nancy Garvey with the appropriate Respiratory Therapy Directors.
In summary, there were 53 hospital-based AEC sites that consisted of 36 primary sites and 17 referral sites providing referrals to primary sites. 110 hospitals had no access to AEC services.
Elements of asthma education programs
The survey revealed all of the responding sites were compliant with guideline-based program elements with minor variations in 2 of 16, namely they did not include peak flow monitoring or behavior modification techniques (Table 1) . 
Study cohort
After applying all exclusion criteria (Figure 2 ), the final cohort consisted of 75 054 patients, 12 029 with an index admission and 63 025 with an index ED visit. Table 2 reports the baseline characteristics of the cohorts according to access to AEC service availability. Almost half (44%) did not have access to AECs. Patient characteristics differed across AEC service availability groups. Patients with more severe asthma, based on prior hospital admissions and high acuity CTAS scores, tended to be seen in hospitals with fulltime extended hours AECs.
Outcomes
Overall, 8 230 (24%) of the ED cohort and 3 569 (50%) of the admission cohort had an asthma ED visit or admission in the 6-36 months following the index event. Table 3 describes the outcomes for each cohort according to AEC service availability. For both cohorts, the percentage of patients with no subsequent ED visits was highest in the AEC full-time/extended hours group. Adjusting for covariates, there was a reduced rate of ED visits or hospitalizations for ED patients with access to AECs that offered full time extended hours as compared with those having no access to an AEC: adjusted relative rate (aRR), 0.78 (95% confidence interval (CI), 0.69 -0.90) ( Table 4 ). Access to asthma education services during the inpatient stay was associated with lower rates of admissions or ED visits for patients hospitalized with asthma (Table 5 ).
Discussion
Hospital-based AECs in Ontario have been implemented locally through hospital's global budgets and/or industry- supported funding. However, in this large, populationbased study, we found only a modest association between potential AEC access and reduced subsequent acute care use for asthma. ED patients with asthma with access to an AEC having fulltime and extended hours of service had lower rates of admissions and ED visits in the 6-36 months follow up period. Hospitalized asthma patients with access to inpatient asthma education had lower rates of readmission and ED visits. Almost half of patients with asthma had no AEC access at their hospital or ED. The evidence for the benefits of asthma education exists in many studies [4] [5] [6] [7] [8] [9] [10] [23] [24] [25] [26] [27] [28] [29] . Three Cochrane reviews associate educational interventions with lower risk of future ED visits and in some cases, hospital admissions for asthma along with other improvements in asthma-related health outcomes. A review of 32 single-centre studies of asthma in children by Wolf et al showed that asthma selfmanagement education programs had modest reductions in emergency room visits, with a more pronounced effect for those having moderate or severe disease [6] . Boyd et al., in their review of 17 trials related to children who attended the emergency department for asthma, reported a lower risk of repeat visits and hospital admissions when children received an educational intervention [7] . In a review of 15 trials, Gibson et al reported that for adults, optimal education in asthma self-management resulted in improvements in asthma outcomes [8] .
In Ontario, access to care is not an issue of health insurance. However, other barriers to access to chronic disease programs have been identified [30, 31] . Recommendations to address these include the need for programs to be provided at a local level, improving ease of access and extended hours so that patients do not need to leave work for care, reducing travelling times, and tailoring programs to local needs. Our findings that only extended hours for AECs are associated with improved outcomes provides empiric support for the need for flexible services.
The socio-economic gradient in rate of readmissions and ED revisits in our cohort suggests that other barriers to care exist in a universal healthcare system. Others have [32] , and environmental triggers in the home [33] or work environment [34] . Our study is the first to study the effectiveness of asthma education programs including AEC program and service characteristics in a "real world" setting. Although our survey indicates that AECs in Ontario incorporate guideline-based recommendations for asthma education into their programs and use trained Certified Asthma Educators as the primary healthcare providers for patient education, our findings in the context of the evidence for asthma education suggest that barriers to access to asthma education services are an important issue.
Asthma is considered to be an ambulatory care sensitive condition, one where appropriate ambulatory care may prevent or reduce the need for admission to hospital [35] [36] [37] [38] [39] . This study focused on the potential for multi-modal asthma education to prevent acute exacerbations after an admission or high acuity ED visit. However, preventing these initial events is also important. Two Ontario studies demonstrated significant reductions in ED visits and improved asthma-related health outcomes for those receiving asthma self-management education from Certified Asthma Educators in primary care [24, 25] . Over 90% of patients in our study were seen by primary care providers in the previous two years. This suggests there is the potential to further reduce asthma morbidity, as measured by the index events in our study, with self-management programs integrated into primary care. This could increase access to asthma education for those without local access to an AEC.
In the secondary analysis of AEC services at the time of the index event, the finding of effectiveness of inpatient compared with ED asthma education is noteworthy. Our study could not determine what proportion of patients actually had asthma education during their index event. However, our findings suggest that there may be specific issues delivering effective asthma education in an ED setting, such as the relatively short timeframe that patients will spend in the ED as compared with inpatients. Research suggests in-hospital asthma care can provide a key teachable moment, when patients and their caregivers have a stronger motivation to learn [40] .
Strengths and limitations of the study
Strengths of this study include high survey response rates and population-based study of the effectiveness of AECs. The survey allowed definition of AEC services in a highly operational way that underscored differences in access to services while attesting to programs' alignment with guideline-based recommendations for asthma selfmanagement education.
The main limitations are related to our exposure of potential access to AECs since we were not able to ascertain which patients actually used these AEC services. Administrative data of attendance at AECs does not exist. In addition, patients identified as not having access could have attended an AEC at another institution. However, it was not our intent to evaluate asthma education at the individual patient level but to assess the potential benefit of these centres as currently implemented for their population of patients with acute asthma. It is also possible that hospitals that have AECs are different in other ways from those that do not. There may also be unmeasured confounding (patient or geographic). For instance, it is possible that some hospitals instituted AECs to address high regional rates of asthma or severe asthma due to local conditions such as high pollution. A higher proportion of patients with no AEC access live in rural areas, and there may be environmental differences that are related to disease severity or differing patterns of healthcare use that may explain our inconsistent findings around the benefit of AECs. We attempted to control for relevant patient and hospital characteristics but the observational nature of the study can point only to association and not causality.
Conclusions
AECs in Ontario incorporate guideline-based recommendations for asthma education into their programs and use trained Certified Asthma Educators as the primary healthcare providers for patient education. Extended hours of service and inpatient asthma education appear to be a necessary component for effective care but overall effects on subsequent acute care use are modest. Our study suggests that current implementation 
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